Following an all-night fast, 45 patients with Parkinson's disease were examined using certain motor (J Neurol Neurosurg Psychiatry 1993;56:65-68) 
A well-documented finding regarding limitations of levodopa use in Parkinson's disease is the observation that treatment is most efficacious during the early years of therapy and that, later, many patients experience a significant decline in the effectiveness of the drug.' 2 Two factors that characterise this decline are, firstly, a shorter duration of response and, secondly, an inability to maintain the same quality of improvement. The reduction in the duration of response to levodopa is clinically manifested as wearing off, end-of-dose deterioration or the on-off phenomenon. There is considerable agreement that these limitations in duration of benefit are, at least in part, related to disease progression (that is, a continuing loss of cells in the nigra).36 In this regard, a diminished capacity of nigral terminals to synthesize and store dopamine, or both,78 may play an important role. There is less consensus about factors that may limit the magnitude of the response to levodopa. Using data obtained from patients participating in pharmacological studies at the Boston Veterans Administration Medical Center and University Hospital, we analysed the duration and magnitude of response to levodopa in relation to several potential factors that might influence its efficacy. This opportunity was available because all participants had received the same dose of carbidopa and levodopa without concomitant administration of other medications and all had been scored using motor items present in the United Parkinson's Disease Rating Scale (UPDRS).
Patients and methods Examination scores from 45 patients (39 males and six females) with Parkinson's disease, having participated in either of two pharmacological studies, were analysed with regard to their age at the time of study; their age at time of disease onset; the duration of the disease and the daily levodopa dose. The duration of levodopa therapy was not specifically addressed as essentially it was identical to the duration of disease in our patient population. The diagnosis of Parkinson's disease had been agreed upon by at least two neurologists experienced in movement disorders and all patients exposed to levodopa had demonstrated sustained, significant benefit from the drug. Individuals with pyramidal, cerebellar or prominent autonomic signs were excluded, to minimise inclusion of the diagnosis of multisystems degeneration. Prior approval for these projects had been given by the Research and Development Human Studies Subcommittees of both the Boston Veterans Administration Medical Center and the Boston University Hospital.
The two pharmacological studies from which subjects were evaluated employed identical methodologies except for frequency of observations following carbidopa and levodopa administration. One patient group ( was considered appropriate because the analysis of subjects undergoing multiple examinations revealed the average time from initial drug administration to the onset of maximum improvement (sum of all four signs) to be 96 minutes. In addition, this time did not differ significantly among signs using analysis of variance.
The duration of response (evaluated in 23 patients) was determined by taking the longest time after administration at which druginduced benefit (a reduction in the total score of the four measured signs) could still be noted. This time was then subtracted from the time of the last score immediately before the medication took effect. A ceiling effect was present for some patients; that is, the maximum duration of response that could be recorded was 240 minutes, even for individuals whose benefit extended past the four hour observation period. It should also be noted that the scoring system employed for individual motor items is oriented towards detecting relatively coarse changes in improvement. As a consequence, it is possible that subtle differences indicative of the initial effect of medication could be missed. We believe this source of error to be minimised, however, by the tendency of most chronic patients with Parkinson's disease to experience maximum benefit almost simultaneously with the onset of any clinical response. The latter is frequently evident in patients with previous exposure to levodopa and has been termed the "all or none response".'
Fasting disease severity (Hoehn and Yahr scale) for all 45 patients ranged from stage 1 to stage 5 with an average score of 3-44. Their mean age was 63-7 (SD 9, range 40-79) and they averaged 9 3 years from the time of diagnosis to the date of the study (SD 7-2, range 1-37). Of the 45 subjects, 42 were taking carbidopa and levodopa at the time of the study. Their levodopa dose (in the form of Sinemet) averaged 514 mg per day (SD 303, range 150-1500). Two patients had discontinued levodopa for at least two years before the study and one patient had never taken the drug. In addition to carbidopa and levodopa, 16 patients were taking deprenyl, 13 were taking bromocriptine, 10 were on anticholingergic medication, 5 took amantadine and 3 pergolide.
Multiple regression analyses with post hoc tests were used to examine the relationship between response to levodopa and age at the time of study; duration of the disease; and the daily dose of levodopa. In addition, the relative importance of age at the time of study and the age at disease onset with respect to the magnitude of response to levodopa was assessed by multiple regression analysis. Finally, Student's t tests were employed to further analyse the quality and duration of the response to levodopa as a function of age and duration of disease.
Results
The amplitude of the response to carbidopa and levodopa seemed to be most influenced by age and did not significantly correlate with the duration of disease or previous daily dose of levodopa. Less disability (sum of all four signs) 90 minutes after drug administration was significantly associated with a younger age at the time of study (p = 0 006) but not a shorter duration of disease (p = 0-314). The other measure employed to evaluate the magnitude of response to medication, percentage change in total score from the baseline, demonstrated similar results. Specifically, a significant negative correlation (p = 0 0003) was found between the percentage change in the total UPDRS score (four signs) at 90 minutes and the age at time of study (figure). No such relationship was noted when comparing percentage change with duration of disease (p = 0 832). When patients were separated into groups according to age and duration of disease, t test analyses gave similar results (table) .
The percentage response to levodopa as a function of age at the time of the study and age at disease onset was significant for the first (p = 0-020) but not the second criterion (p = 0 599).
The association of age with a lesser percentage change after drug administration was not evident for all individually measured UPDRS signs. Although amelioration in bradykinesia (p = 0 006) and gait (p = 0 002) were diminished as a function of age, rest tremor (p = 0 723) and rigidity (p = 0 080) were not. These observations, relating a poorer response of bradykinesia or gait to levodopa in older compared with younger PD subjects, were independent of baseline scores; that is, there was no significant correlation between age and any individual motor item measured at baseline. In addition, duration of disease or previous daily dose did not correlate significantly with percentage change for any single sign.
We examined the possibility that the better response to levodopa noted in younger patents might be an artefact related to deprenyl medication. Clinical measures (that is, baseline score, 90 were significantly more likely in younger than older patients regardless of the duration of their disease. This notable influence of age was not observed with baseline scores. There is surprisingly little. in the literature discussing specific effects of age on response to levodopa. 19 ) specifically proposed by others,'0 25 is that both young-onset and old-onset Parkinson's disease after represents different disease entities. This hypothesis states that patients with the oldid 10 onset form suffer more widespread pathology (involving, for example, the sttiatum and neocortex) which limits the effectiveness of levodopa therapy and increases the incidence of other clinical signs such as dementia. We believe this explanation less likely to account for our results as multiple regression analysis using percentage response data indicated a more important role for age at the time of study than the age at disease onset.
We found the tendency for rest tremor response to be least affected by age particularly interesting. This would imply that tremor, compared with other Parkinsonian signs, might remain more responsive to levodopa during long-term therapy (as patients concurrently age). In this regard, 4both Bonnet et al26 and Klawans27 report a difference in the long-term response to levodopa based on sign. They observed that the drug-related improvement of tremor compared with all other signs measured appeared to be the best maintained during the course of the disease whereas improvement in gait clearly deteriorated. A specific influence (or lack of influence) of age, however, was not addressed in either report.
In our study, there was an indication that patients maintaining a longer benefit from a single dose of carbidopa and levodopa were generally those who had been diagnosed as having Parkinson's disease for a shorter period of time. This observation is consistent with the hypothesis that the duration of motor response to levodopa is dependent on the capacity of surviving nigrostriatal terminals to store newly synthesised dopamine. We note, however, that a comparison of the duration of the response to levodopa with the duration of the disease, as part of the multiple regression analysis, did not reach significance (p = 0097). Thus our inability to find a strong association between the duration of disease and the duration of the response to levodopa is probably best explained by an influence of a factor or factors not addressed in this study. In this regard, Kempster et al28 have described peripheral levodopa pharmacokentics as an important determinant of the duration of the response in patients receiving oral carbidopa and levodopa.
We conclude that factors associated with ageing have a significant impact on one important aspect of levodopa efficacy: the magnitude of the response to the drug. It is suggested that changes due to ageing, for example, striatal receptor loss and additional cell loss in the nigra, become superimposed on Parkinsonian pathology resulting in additional disability which is not amenable to levodopa replacement. Relevant to this theory is the demonstration in individuals without Parkinson's disease that "normal" age-related extrapyramidal signs are not responsive to levodopa therapy.29
